The limitations of currently available treatment for severe respiratory infection are demonstrated by the relatively fixed mortality associated with these infections despite advances in nutrition, vaccines, antibiotics, and critical care. This might be due in part to the changing spectrum of pathogens and development of drug resistance. Cytokines are potent molecules that function as growth factors and orchestrate both innate and adaptive immune responses. Several of these factors have entered the clinical arena to support or augment the immune response. Moreover, the use of cytokines has recently been expanded to patients without an overtly defective immune system but who have either significant infection or infection with drug resistant organisms. The use of cytokines as adjuvants in the treatment of respiratory infections is reviewed. The electronic version of this article can be found online at
Critical factors that determine the severity of a respiratory infection include the strain of the pathogen, specific virulence factors of the pathogen, and often the integrity of the pulmonary host defense response. Acquired defects include abnormal mucociliary clearance associated with cigarette smoking [1] to co-morbid conditions such as diabetes mellitus [2] , ethanol abuse [3] , and an abnormal hematopoietic or immune response to the invading pathogen [4] . Among these host factors, neutropenia at the time of presentation has been shown to be an independent variable correlated with mortality. Over the past decade and a half there have been several trials of antiinflammatory agents in patients with severe pneumonia who developed sepsis or the systemic inflammatory response syndrome. The trials have included inhibitors of tumor necrosis factor-α (TNF) [5] and endotoxin [6, 7] . The rationale for these trials was based on preclinical models of endotoxin-induced sepsis demonstrating a survival benefit if pro-inflammatory cytokines were neutralized [8] . Why have these clinical trials failed to show a survival benefit, or in some cases an adverse effect on survival? Some investigators have suggested that the timing of antiinflammatory therapy might be too late, that patient selection was not ideal, or that the preclinical models of sepsis were not an accurate reflection of human disease. Furthermore, it is now known that many of these cytokines, specifically TNF, are critical to host defense against both intracellular and extracellular pathogens [9] [10] [11] [12] .
Moreover, these pro-inflammatory molecules are relatively compartmentalized to the site of infection in pneumonia patients [13] [14] [15] . However, there are data to suggest that in severe infection and lung injury the inflammatory response is not compartmentalized, and thus the infection can lead to a systemic inflammatory response, which might be associated with other organ injury [16] [17] [18] [19] . In fact it has recently been shown that patients with sepsis/systemic inflammatory response syndrome have an 'immunoparalysis' and are in fact, immunosuppressed [20, 21] . This has led to the use of growth factors or cytokines to augment the host response to infection. Not all growth factors or cytokines show this compartmentalized response; for example, data from our laboratory and others demonstrate that granulocyte-colony stimulating factor (G-CSF), a critical growth factor for neutrophil production and maturation, is released in the lung in response to a bacterial challenge and is readily detectable in the serum within 2 h [22] . This makes teleological sense in the fact that an infected organ would need to send signals to the bone marrow for a continued supply of neutrophils, which are required for a sufficient host defense response.
On the basis of favorable preclinical studies with G-CSF, clinical trials have been initiated in community-acquired pneumonia (CAP), multilobar pneumonia, and pneumonia with sepsis. Hustinx et al [23] compared neutrophil function and phenotype in the blood and bronchoalveolar lavage fluid of 10 patients with severe ventilator-dependent pneumonia, at baseline and after the initiation of G-CSF treatment as an adjunct to standard therapy. These investigators showed that treatment with G-CSF was associated with a threefold increase in blood neutrophil count at day 3 of treatment compared with baseline counts [23] . Mean serum G-CSF concentration increased from 313 to 2007 pg/ml. The mortality in this group of 10 patients was 30% and compared favorably with the predicted mortality of 60%, derived from APACHE II. These data suggested that G-CSF might be an effective immunomodulator in a variety of non-neutropenic settings such as hospital-acquired pneumonia or in persons immunosuppressed by alcohol.
Recently, a phase III, randomized, double blind, placebocontrolled trial of G-CSF for CAP in hospital has been completed [24] . Over 756 patients were enrolled in this multicenter trial in the USA, Canada, and Australia. Patients were randomized to receive 300 µg/day of G-CSF subcutaneously or placebo in addition to conventional antibiotic therapy. The duration of treatment was up to 10 days. Primary objectives were to determine the safety and efficacy of G-CSF in this patient population and the effect on the time to resolution of morbidity [25] (TRM), which was a clinical index of factors associated with the need for continued treatment in hospital. The TRM was 4 days in both groups and G-CSF was well tolerated. Mortality was only 6% in this study and no significant difference was seen between groups in this variable. G-CSF treatment resulted in a threefold increase in peripheral blood neutrophil count. Post hoc analysis showed faster radiological resolution in patients treated with G-CSF, which was associated with fewer complications including adult respiratory distress syndrome and disseminated intravascular coagulation.
G-CSF has also been studied in 18 patients with pneumonia and severe sepsis [22] . The patients were randomized 2:1 to G-CSF (300 µg/day given intravenously) or placebo for a maximum of 5 days. Inclusion criteria were a chest X-ray compatible with pneumonia, an identifiable pathogen, fever, tachycardia, tachypnea, or need for ventilator support, and either hypotension despite volume resuscitation requiring vasopressors or, in the absence of shock, two end-organ dysfunctions. Four of six placebotreated patients died and three of twelve G-CSF patients died. Septic shock was resolved in nine of ten G-CSF patients and in none of the control patients. G-CSF was well tolerated; on the basis of these favorable trends further studies in multilobar pneumonia and severe pneumonia with sepsis were initiated. They have recently been completed and are under analysis.
IFN-γ has been investigated in patients with immunoparalysis associated with sepsis. Docke and colleagues have shown that downregulation of monocyte human leukocyte antigen (HLA)-DR expression identifies a subgroup of septic patients with a higher risk of hospital-acquired infection [20] . Moreover, the investigators showed that the administration of IFN upregulated HLA-DR expression, increased lipopolysaccharide-induced TNF responses ex vivo, and improved clinical parameters of sepsis in eight of nine patients treated with IFN [20] . IFN has also been investigated as an aerosol in patients with persistent Mycobacteria avium complex (MAC) infection in hosts not infected with HIV and in multidrug resistance tuberculosis. Williams and colleagues from our group recently reported on a phase I trial of aerosol-administered IFN to patients with persistent MAC infection [26] . All patients tolerated the aerosol well and three of eight had sputum smears for acid-fast bacilli (AFB) that converted to negative. Condos et al [27] have recently reported five patients with multidrug resistant tuberculosis who received 500 µg of IFN aerosol-administered three times a week for 1 month [27] . Again, the drug was well tolerated and all patients had sputum smears for AFB that converted to negative and a time to positive culture that increased (from 17 to 24 days; not significant), suggesting a reduction in organism burden. In addition, There has clearly been a paradigm shift in recent years from inhibiting pro-inflammatory cytokines to selectively augmenting the cytokine response within a specific compartment in infected patients that have some objective parameter of immunoparalysis. Which specific cytokines or growth factors have the greatest therapeutic index and what patient population(s) will derive the greatest benefit remain to be defined. In addition, what are the best clinical parameters to follow? For G-CSF, the absolute neutrophil count might be adequate. However, for drugs such as IFN, the expression of HLA-DR or ex vivo-stimulated TNF responses might be required. If so, these assays will be more difficult to standardize between laboratories. Despite these unknowns, the incidences of both hospital-acquired infections and antibiotic resistance are increasing and immunoadjuvants will probably be a key component of the weaponry for treating respiratory infections.
